Structure and regulation of mammalian squalene synthase.
Mammalian squalene synthase (SQS) catalyzes the first reaction of the branch of the isoprenoid metabolic pathway committed specifically to sterol biosynthesis. SQS produces squalene in an unusual two-step reaction in which two molecules of farnesyl diphosphate are condensed head-to-head. Recent studies have advanced understanding of the reaction mechanism, the functional domains of the enzyme, and transcriptional regulation of the gene. Site-directed mutagenesis has identified conserved Asp, Tyr, and Phe residues that are essential for SQS activity. The Asp residues are hypothesized to be required for substrate binding; the Tyr and Phe residues may stabilize carbocation reaction intermediates. The elucidation of SQS crystal structure will most likely direct future research on the relationship between enzyme structure and function. SQS activity, protein, and mRNA levels are regulated by cholesterol status and by the cytokines TNF-alpha and IL-1beta. Activation of the SQS promoter in response to cholesterol deficit is mediated by sterol regulatory element binding proteins SREBP-1a and SREBP-2. The precise contributions made by individual SREBPs and accessory transcription factors to SQS transcriptional control, and the mechanisms underlying cytokine regulation of SQS are major foci of current research.